Summary. Amyloid deposition is the most typical islet alteration in Type 2 (non-insulin-dependent) diabetes. In the present study we show by immunohistochemistry that the amyloid reacts with an antiserum against insulin B chain. Islet amyloid was also purified, dissolved in guanidine-HC1 and gel filtered on a Sepharose 6B column. Immunization of a guinea pig with a high molecular weight fraction from this gel filtration resulted in an antiserum with insulin-binding capacity. This binding was partially blocked with pure insulin B chain. The results indicate that islet amyloid contains insulin B chain and that the amyloid is a product of the islet B cells. Thus the study support previous morphological studies.
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Amyloid deposits consist of fine fibrils, which are built up by low molecular weight proteins in fl-pleated sheet conformation [I] . Most important properties of the amyloid, such as resistance to enzymes and green birefringence after staining with Congo red, are explained by this conformation. Several different proteins have been shown to contribute to amyloid fibrils. These are: (a) homogeneous immunoglobulin light chains and/or their variable segments in primary and myeloma associated amyloidosis [2] , Co) protein AA in reactive (secondary) systemic amyloidosis [31, (c) pre-albumin or a pre-albumin-related protein in several forms of hereditary systemic amyloidosis and in senile cardiac amyloidosis [4, 5] , and (d) a calcitonin-related protein in the amyloid of medullary carcinoma of the thyroid [6] .
Hyalinization is the most typical alteration of the pancreatic islets in old people with Type 2 (non-insulindependent) diabetes mellitus . In this condition a hyaline material is deposited interstitially in the islets and is accompanied by a gradual loss of islet cells, especially the B cells [11, 12] . It has long been agreed that this material is a form of amyloid [8, 10, 13] . It has been suspected that the amyloid fibrils in the pancreatic islets and in insulinomas are formed by insulin [1] , C-peptide [13] or some part of the preproinsulin molecule [14] . In the present paper, we show, using an immunoperoxidase method, that antiserum against insulin B chain binds to islet amyloid, while antiserum against A chain or insulin does not. We show, futhermore, that immunization of a guinea pig with a high molecular weight fraction of a partially purified islet amyloid resulted in an insulin-binding antiserum.
Material and Methods
Pancreatic tissue from patients with Type 2 diabetes was obtained at autopsies performed within 12 h after death. Pieces from the tail of the pancreas were fixed in Bouin's solution and embedded in paraffin. For examination of amyloid, sections were stained with Congo red and viewed in polarized light. The rest of the tail and the body of the pancreas was stored at -20 ~ until used for purification of amyloid. Pancreatic tissue from six patients with heavy islet amyloidosis was used in the study (Table 1) . Table 2 . Binding of 12SI-labelled insulin (3 000 cpm) to antisera against insulin, a B chain-rich insulin fraction, pure insulin B chain and islet amyloid material (zone 1 in Fig. 2 
Amyloid Purification and Gel Filtration
An amyloid-rich material, which contained at least 25% of amyloid, was obtained from pancreases containing islets filled with amyloid, using a slight modification of the method by Pras et al. [15] . Briefly, the pancreatic tissue was homogenized repeatedly in normal saline until all soluble proteins had disappeared. The residue was in some cases digested with pepsin [16] . The residual insoluble material, which contained amyloid and some other tissue components, was lyophilized and then treated with guanidine HC1 (6 mol/1) in 0.1 mol/1 Tris-HC1 buffer (pH 8.0) containing 0.2% EDTA and 0.1 mol/l dithiothreitol. After centrifugation (21,000 xg for 1 h), the dissolved material was gel-filtered on a Sepharose 6 B column equilibrated with guanidine HC1 (5 tool/l) in distilled water and eluted with the same solution under continuous registration of the absorbancy at 280 nm. Fractions were pooled, dialysed exhaustively against distilled water and lyophilized.
Antisera
Guinea pigs were immunized by intradermal injections bimonthly of the antigens mixed with Freund's complete adjuvant. The animals were bled by heart puncture 2 weeks after the third injection. Bovine insulin obtained from AB Vitrum, Stockholm, Sweden, oxidied bovine insulin A chain from Sigma Chemicals, Saint Louis, Missouri, USA and oxidied bovine insulin B chain from Boehringer, Mannheim, FGR were used as antigens. The purity of the insulin A and B chain was ascertained by isoelectric focussing and by amino-acid analysis. Insulin was also dissolved in guanidine HC1 (5 mol/1) in 0.1mol/l Tris-HC1 buffer (pHS.0) containing dithiothreitol (0.1 tool/l) and gel-filtered as above. This resulted in a major retarded double peak and the first half of this peak, mainly containing insulin B chain, was used as antigen (Fig. 1) . The four major zones of one islet amyloid gel filtration (Fig. 2) were also used for immunization.
Binding Experiments
Guinea pig antisera were tested for the presence of insulin binding antibodies by gel filtration. Serum (5-10 txl) was incubated with a tracer amount of 125I-labelled insulin (Pharmacia, Uppsala, Sweden) overnight at room temperature and gel-filtered on a 1.6 x 70 cm Sephacryl $300 column equilibrated with 0.1 tool/1 Tris HC1 buffer (pH 8.0).
The elution was performed under continuous registration of the absorbance at 280 nm and 1.5 ml fractions were collected and counted in a Gamma-guard gammacounter (Gamma-guard, Tracerlab, Brussels, Belgium). In inhibition experiments the same antisera (5 p~l) were incubated overnight with insulin (1 and 2.5 mg/ml), insulin A chain (1 and 5 mg/ml), insulin B chain (1 and 5 mg/ml) and various fractions of the gel filtered amyloid-rich material (1-10 mg/ml). The antisera were then incubated overnight with a tracer amount of 125I-labelled insulin and finally with protein A-Sepharose CL-4B (Pharmacia, Uppsala, Sweden). After repeated washing and centrifugation, the sediment was counted in a Gamma-guard gammacounter.
Immunohistochemical Staining
The antisera obtained were applied to deparaffinized and hydrated sections (about 4 ~tm) of human pancreatic tissue rich in insular amyloid. For visualization of the antibodies, the peroxidase antiperoxidase (PAP) technique of Sternberger [17] was used. The primary antibodies were serially diluted 1 : 50 -1 : 1600 before use. Controls were run as recommended and included sections incubated with antiserum inactivated by the addition of antigen in excess (100 [xg/ml diluted antiserum).
Results
Gel filtration in guanidine HC1 (5 mol/1) of amyloidrich pancreatic material resulted in several zones (Fig. 2) . Gel electrophoresis in the presence of sodium dodecylsulphate and thin layer isoelectfic focussing (unpublished data) revealed many bands in each fraction. These findings and the small amount of material available made direct chemical characterization of the islet amyloid impossible.
Binding Experiments
Anti-insulin and anti-B chain antisera both bound usIlabelled insulin as revealed by gel filtration. The results of the inhibition experiments are shown in Table 2 . Preincubation with insulin B chain inhibited the binding of The section is stained as in Figure 3 but the antiserum was at first absorbed with pure insulin B chain. The B cells are still stained but the amyloid (arrows) is negative ( x 500)
125I-labelled insulin to the anti-B chain antiserum slightly but did not affect the binding of insulin to the anti-insulin antiserum. Pre-incubation with cold insulin inhibited the binding of 125I-insulin to both these antisera. Antiserum obtained by immunization with the B chain rich insulin fraction behaved like the anti-insulin antiserum in this system. Sera from the guinea pigs immunized with zone I or zone 4 material from the gel filtration of islet amyloid both bound insulin, while the sera from the two guinea pigs immunized with zones 2 or 3 material did not. The insulin-binding capacity of anti-zone 4 antiserum was very low and this antiserum was not studied in detail, while anti-zone 1 antiserum was used for further characterization. Pure B chain reduced the binding of insulin to anti-zone 1 antiserum by about 80%. Pre-incubation with insulin inhibited the binding of 125I-labelled insulin to this antiserum completely. Pre-incubation of anti-zone 1 antiserum with insulin A chain did not inhibit the binding capacity of insulin significantly.
Immunohistochemical Findings
Immunoperoxidase staining of pancreatic tissue with antisera to insulin, insulin A chain, insulin B chain and the B chain rich insulin fraction all resulted in a strong reaction with the islet B cells while other cells were unstained (Fig. 3) . The amyloid showed no reaction products at all after incubation with anti-insulin antiserum or anti-A chain antiserum. Staining with the antiserum against the B chain-rich insulin fraction, however, resulted in a definite reaction with the islet amyloid (Fig. 3 ). This reaction with the amyloid was completely blocked when the antiserum was pre-incubated with insulin B chain but the reaction with the B cells was not abolished (Fig. 4) . Staining with anti-B chain antiserum also resulted in a clear but weak reaction with the islet amyloid. The amyloid staining was optimal in the same dilutions (1:200 to 1:800) that were optimal for the staining of the B cells.
Staining of pancreatic tissue with antiserum against zone 1 material of gel filtered islet amyloid resulted in a weak reaction with the islet cells but not with the islet amyloid. No reaction with any other tissue component was seen.
Discussion
There is a strong evidence that the amyloid of the pancreatic islets is a product of the B cells. Thus there is a close electron microscopical relationship between the amyloid fibrils and the B cells [18] . Furthermore, amyloid is very common in insulin-producing turnouts but not in other islet cell tumours [19] . Indirect evidence for a hormone origin is that the amyloid of the medullary carcinoma of the thyroid consists of a calcitonin-like protein, probably procalcitonin [6] . It therefore follows that the islet amyloid might consist of a protein related to insulin or its precursors.
The present study shows that antibodies directed towards antigenic determinants of the insulin B chain react with islet amyloid. Why antiserum against the B chain-rich fraction of insulin reacted more strongly than anti-pure B chain antiserum and why anti-insulin antiserum did not react at all is not completely understood and cannot be solved until we know the exact composition of the islet amyloid. It is, however, possible that the fl-pleated sheet conformation of the amyloid [1] alters the antigenic properties of the amyloid protein. Furthermore, it is possible that the islet amyloid does not contain intact insulin B chain but only fragments of this polypeptide comparable to the situation in immunoglobulin light chain derived amyloidosis, where the fibills usually consist of the variable segment of a light chain [2] . Finally, antiserum against insulin does not react with insulin A chain and only weakly or not at all with insulin B chain [20, 21] .
Since insulin biosynthesis can be stimulated by glucose independently of the stimulation of insulin secretion [22] , it is possible that in Type 2 diabetes there is at least sometimes a relative over-production of insulin due to the partial inability of the B cells to secrete insulin [23] . If such a synthesis occurs in spite of a defective release of insulin, the synthesized product fills the cell and escapes or is released, e.g. as proinsulin. Such a pathological pathway might lead to polypeptides with a tendency to form fibrils, i.e. amyloid. Insulinomas, which very often produce amyloid [19] , regularly secrete proportionally abnormal amounts of proinsulin [24-261 and a slight overproduction of proinsulin has been reported in Type 2 diabetes [26] . It is also possible that insulin, instead of being released, is degraded intracellularly. Different tissues, including the islets of Langerhans, can degrade insulin [27, 28] in a sequence of two events. Insulin is first cleaved into its two component chains, which thereafter are degraded into smaller parts. During this degradation some large aggregates are formed, which consist of A and B chains with a molar ratio of about 1:3 [29] . Such aggregates might be converted to fibrils which could explain why they are further degraded only very slowly. Insulinomas, which often form amyloid, are able to split insulin into its two component chains but seem to lack the ability for further degradation [30] .
The nature of the high molecular weight insulin-related component of islet amyloid is unclear. Since it retained its high molecular weight in dissociating conditions and in the presence of reducing agents, it is probably composed of polypeptide chains kept together by covalent bonds which are not disulphide-bridges. Covalently bound immunoreactive insulin material of unknown composition and of high molecular weight is often found in insulin preparations [31] . Furthermore, extracts from insulinomas sometimes contain a high molecular weight insulin immunoreactive material [24, 25] . Such material is also sometimes found in the serum of patients with insulinomas [32, 33] and in the media when insulinomas are kept in tissue culture [25] . This material could be aggregated insulin, proinsulin or, perhaps, other parts of pre-proinsulin.
